Pulsus alternans is a physical sign observed in patients with borderline ventricular function curves or in patients with heart failure (Harris et al., I966; Ryan et al., I956; Fort et al., I969; Sancetta, 1955;  Windle, 19I7;  De Rabago,Kohout, and Katz, I955). The alternation of higher and lower peak systolic arterial or ventricular pressure is the characteristic finding in this condition despite the presence of regular rhythm. These variations in pressure are independent of the phases of respiration. This condition has been described in patients with hypertension, coronary artery disease, acquired aortic stenosis (Cooper, Braunwald, and Morrow, 1958) , primary myocardial disease (Harris et al., I966) , and in others (Cecil and Loeb, I959; Green, I960) . Therefore, its presence is of pathological significance; however, in patients with heart disease it usually accompanies or precedes the onset of heart failure (Benchimol et al., I969) . The mechanism responsible for the pulsus alternans is not completely understood, particularly because of lack oftechnique to measure phasic flow continuously. was admitted to hospital because of fever and shortness of breath; he was diagnosed as having 'pneumonia'. Since then, he had progressive dyspnoea on effort, orthopnoea, peripheral oedema, cough, and weight gain. In February I969, because of the persistence of these symptoms, he was digitalized and given diuretics. He lost 28-6 kg. in 9 days and experienced considerable symptomatic improvement.
Physical examination Obese, his weight was Io6 kg., height I83 cm., blood pressure I20/80 mm. Hg in both arms; pulse go a minute with occasional altemans. There was no cyanosis, clubbing of the fingers, or peripheral oedema. The jugular veins were slightly distended. The examination of the heart revealed the apex beat located in the fifth intercostal space to the left of the mid-clavicular line. The praecordium was hyperactive with a sustained left ventricular impulse; there were no thrills. On auscultation, the first heart sound was single and of a normal intensity. The second heart sound was physiologically split and the pulmonary component was accentuated. A fourth heart sound was heard at the mitral area. There were no murmurs. The liver and the spleen were not palpable. The lungs were clear to auscultation.
A phonocardiogram recorded with the apex cardiogram is shown in Fig. i . The electrocardiogram and vectorcardiogram revealed left ventricular hypertrophy and strain (Fig. 2) . The chest x-ray showed a globular heart shadow suggestive of a minimal degree of left ventricular enlargement (Fig. 3) .
Cardiac catheterization on I5 May I969 supported the diagnosis of primary myocardial disease of non-obstructive nature (Table) . Cineangiograms showed no evidence of mitral valve insufficiency.
The patient was subsequently discharged on a Physical examination Blood pressure iio/8o mm. Hg in both arms, pulse I20 and regular; respiration 28 a minute and laboured. There was obvious distension of the neck veins. Auscultation of the lungs revealed rhonchi and inspiratory moist rAles at both bases.
The apex beat was located in the sixth intercostal space in the anterior axillary line, and had a sustained quality. Auscultation of the heart revealed a quadruple rhythm, due to loud third and fourth heart sounds. There was a grade 3/6, high frequency systolic regurgitant murmur at the mitral and tricuspid areas. A phonocardiogram confirmed the auscultatory findings. All peripheral pulses were present and showed pulsus altemans. Examination of the abdomen showed the liver to be 4 cm. below the right costal margin. Musculoskeletal system showed no abnormality and the neurological examination was normal.
The electrocardiogram and vectorcardiogram showed incomplete left bundle-branch block, low voltage in the limb leads, and abnormal T waves and ST segments (Fig. 4) . The chest x-ray showed obvious cardiomegaly with predominant left ventricular enlargement, pulmonary congestion as well as changes consistent with early pulmonary emphysema (Fig. 5) . (Table) . Methods of haemodynamic and flow velocity studies Right and left heart catheterization were performed using standard techniques. The patients were non-sedated and post-absorptive. The   ---------------------------------------------------- . The magnitude of the pulsus alternans as measured by the difference in systolic pressures between the small and large beats varied between IO and 30 mm. Hg. The variations in peak aortic flow velocity were accompanied by only 5 to IO per cent variations in peak ventricular systolic pressures, as shown in Fig. 6 , 7, and 8. The beats with smaller peak flow velocity had shorter ejection time, and lower peak ventricular, aortic, and pulmonary artery systolic pressures. The cardiac cycle in both cases during the periods of pulsus alternans was essentially identical.
Discussion
Most observations dealing with pulsus alternans have been made in experimental animals, and may not be directly applicable to man. The studies made in man are few in number and most of them deal primarily with the clinical significance of this finding or with the descriptions of variations in the direct or indirect pressure measurements or heart sounds (Fort et al., I969) . Measurement of ventricular volume, however, has been obtained by Gleason and Braunwald (I962) (Wiggers, I952) and the alternation of the end-diastolic fibre length with consequent alternation of the strength of contraction (Mitchell, Sonnenblick, and Sarnoff, I96I) . Gleason and Braunwald (I962) showed that the probable mechanism for the appearance of the pulsus alternans was the alternation between large and small end-diastolic fibre length. This, in turn, would result in more effective emptying of the ventricle with beats having large peak pressures accompanied by a more complete emptying of the ventricle; those beats associated with small pressures were accompanied by small stroke volume and an incomplete emptying of the ventricle. Our data provided direct evidence for the fact that aortic flow velocity, and thus stroke volume, alternated in the manner described by Gleason and Braunwald (I962) . The beats accompanied by high peak arterial or ventricular pressures were invariably associated with a high peak aortic flow velocity, as shown in Fig. 6 and 7. Of interest was the fact that in one patient (Case i) the pulsus alternans was, in fact, triggered by the presence of an extrasystole (Fig. 6) . It appeared that the long diastolic filling period which followed the extrasystole resulted in a large ventricular end-diastolic volume which initiated the cycle of flow and pressure alternans. Others have also reported that pulsus alternans may be precipitated by erect posture, phlebotomy, or venous pooling, and diminished by recumbency, exercise, transfusion, and other factors increasing venous return (Mitchell et al., I96I) .
In connexion with this study, it is pertinent to state that pulsus alternans may occur in normal subjects in the absence of any form of heart disease, as has been described by others in the past. Our previously reported observations (Benchimol et al., I969) indicate that, when the right ventricle or the right atrium were paced at a rapid heart rate, pulsus alternans could occur, particularly at pacing rates above 140/min. (Fig. 8) .
